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ABSTRACT 
Test MAZ2 was conducted in the Langley Research Gentér 31-inch Con+ 
tinuous Flow Hypersonic Wind Tunnel from May 6, 1975 through June 3, 1975. “2 


thé primary objectives of this tést were the fol lowing: 1) to study the 
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ability of the wind tunnel to repédt, on a run-to-run basis, data taken 

for identical configurations to détermine if errors in repeatability could 
have a significant effect on jet interaction data, 2) t6 determine the | 

éffact of model heating on jet interaction, 3) to investigate the effects 

of elevon and body flap deflections on RCS jat interattion, 4) to deter. 

ming if the effects from jets fired separately along different akés can be 
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added to equal the effects of the jets fired Simul taneous ly (Super position | 
effects); 5) to study multiple jet effects, arid 6) t6 investigate ared | 
ratio effects, i.d., the effect on Jet interaction measurements of using 
nozzleS with different area ratios in the santé location. the model used 
in the test was a .010-scale model of the Spdce Shuttle Orbiter Configu- 
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ABSTRACT (Concluded) 


Mation 3. The test was conducted at Mach 10.3 and a dynamic pressure of 
150 psf. RCS chamber pressure was varied to simulate free flight dynamic 
pressures of 3, 7.5, 10, and 20 psf. 
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(3) N(PM), N(RM), N(YM), N(NF), N(AF), N(SE) versus SETA | oe 
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NOMENCLATURE 
Genéral 
SADSAC 
SYMBOL SYMBOL DEFINTZION 
z “peed of Sound: ih/sée, ft/sec 
Op: CP preasuré coefficient; (p, - po)/q 
M MACH Mach huriter; V/a 
p pressure; N/m, psf | 
q (NSM ) _. dynathiec pressure; 1/2pv°, N/m®, pot 
3 a{ PSF ) 
RN/L RN/L Unit Reyfiolds nutiber; per m, per ft 
V vélocity; m/sec, rt/see 
oe ALPHA angle of dtthck, deptees ¢ 
Bo BSIA =s(<““its tile of sitteslip, degrees 
w PSI afigle of yaw, dezrées 
) PHT | angle of roll, dégrtes 
p tess density; ke/n3, slugs /ft3 
Refer'enée & C.G. Definitions 
Ab . base etea; m=, £42 
b BREF wing sph or veferericé spany m, ft 
c.g. éenter of gravity 
Fi LREF  feferehce length or wing mean 
é sefodynsmhlé chérd/ m, ft 
g Srir wing erea of reference etea; m-, ft" 
MRP motheht referetite point 
XMRP momeht reference point on X¥ axis 
YMRP ss motheht wefexence point on ¥ ete 
ZMRP - moment Yeferenhce point on Z axis 
SUBSCRIPTS 
b base 
1 local 
8 statL® conditions 
t total conditions 
@ free stresm 
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AGE 
ORIGINAL | Peis 
or pooR . 


tt. 
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P| ME hs nee. » Ope ? 


To 
Fae ang 


+0 Fe Bey vie poly » 


a ad 


eee meee Ft te we op ‘s 


re 
SYMBOL 
—— aaa 


(t 


oy 
L/n 
L/Dp 


SADSAS 
SYMBOL 


cn 
CAU 
cy 


CAB 


CAR 


CIM 


CBL 


CL 


CD 


CDB 


. CDF 


CY 


mare 


CLN 
Cob 


L/D 


L/DF 






NOMENCE  .£ (Contiriued) 


Body -AXi4 oyatem 
DERTATTTON 


nofnll-foree cotfPietorit: sormee orn 
| 


nide-force coefficient; Sidé force 
qu 


brite -fotte ederPiciént: bse Porce 
qs 
“Ag(p5 - Pa)/ad 


forebody nxinl Porde def fidicht, Cy - Ch, 


pitéhing-moment cdefficient; pitching moment 
, Date | 


yawing-moment coéffidient: Yowin e oment 


aw 


rolling-mondnd eoeffietent; rolling shoment 


Stobility-Axis dybtom 


qnb 
Lift coefficient; ut 
7 Ww 





drag éoefficient: sze6 


be” 


bese-druk nédeffitient: bane dteg 
. qe 


Coreboty drug coefficient; Cy - Ch, 


side -toree coefficient} aide force | | 


qa 


pitching-moment coettiedent; Pitching thoment — - . : 
: Pf pep | 
yuving-momenht coePfictent§ Yowing swomen* 
ity 


rolling-monent céerficitnt; Teh Lie monent moment 
Yu 
Llift-to-drig rutio; t,/cy 


lift to forcbody drag rhtio; Cr] Cp 


ORIGINAL prc ex 
- AG 
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NOMENCLATURE (Continuéd) 


Sytibo1 cyte Definition 

Ae nozzle exit area, in? 

Cas RCS jet rolling moment coefficient, (ay )/ (QS) 
“ths RCS jet pitching moment coefficient, (Ty4)/(QSc) 
Cas RCS jet yawing moment coefficient, (Ty, )/(qSb) 
Ca RCS jat axial force coefficient, (T)/(qS) 

CN; RCS jet normal forcé coefficient, (T)/(4@S) 

Cy, RCS jet side force coefficient, (T)/(a8) 

é — fhozzl@ exparision ratio | | 

h altitude, feet 

Ks model nozzlé thrust calibration factor, 1bs/psia 
bp RCS nozzle rolling momént arm, in 

bey RCS nézzle pitching momént arn, in 

dn RCS nozzle yawing moment arm, in 

Lop Orbiter body léngth, in 

LH left hand side 

thy RCS jet mass flow rate, 1bm/seéc 

M RCS jet exit Mach futiber 

Ny N (RM) RCS r611 jet amplification factor, (aly )/(Cy,) 
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qi- 


ay 


Symbo 1 
Nin 


Nn 


Na 


Nn 


AC» 


Plot 
Syiito | 


N(PM} 
N(YM} 
N(AF) 


N(NF) 


N(SF) 


PCRCS 


TCRCS 


DLTCBL 


NOMENCLATURE (Continued) 


Oefinition 


RCS pitch jet amplification factor, (00m) / (Cm) 
RCS yaw jet amplification factor, (ACH )/ (Cris) 


RCS axial force jet i a factor, 
(ACq)/( Cay) 


RCS normal force jet amplification factor, 
(ACN) / (CN) 


RCS side force jet ET TICaT TO ail acyrtoy 
modé? RCS nbzzle elenum chamber pressure, psia 

RCS jet exit préssure, psia 

reaction contre’ wedi: 


right hand side 


product of RCS. nozzle si cénstant and 
tefiperature, (ft-1b)/1 -* 


RCS thrust, bs 
RCS chamber temperature, °R 


vélocity, ft/sec 


RCS jet velocity, ft/sec 


Orbiter longitudinal station, in 


Orbiter lateral station, in 
Orbiter vertical station; in 


incretiental rolling moment coefficient du 
to RCS jet interaction 
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Sybol 
Ati 


ACh 
ACK 
ACy 


ACA 


ERs 


T/QA 


Plot 
Sytbo} 
DLTCLM 
DLTCGYN 
DLTCN 
OLTCY 


DLTCAU 


T/QA 


T/QA-1 


DN (RM) 
DN(PM) 
DN( YM) 


ON (NF) 
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NOMENCLATURE (Continued) 


Definitiori 


incremental nitching moment coefficient due 
to RCS jet interaction 


incremental yawing moment: lat due 
to RCS jet interaction . 


‘increméntal nortial force coefficient due 
to RCS jet interaction 


incremental side force coefficient due 
to RCS Jet interaction 


increiiental axial force cbeFFicieht due to acs : 


jet interaction (uncorrected for base pressure) 
jet gas Specific heat ratio 

sum Of mode] nozzle thrust calibration factors 
for all ndzzles inStalled on model during & 
given tést “uh, 1b$/psia 


RCS nuzzlé &nyt+ = dag. 


RCS thrust divided « freestream dynamic 
bressure times ufit a. 3 


oné jet RCS thrust divide , by freestreat | 
dynamié pressure times unit area 


ineremental RCS jet amplification factor - 
rolling foment 


inéfetiéntal RCS Jet amplification factor « 
pitching r vnént 


inéreméntal RCS jet atip li fication factor - 
yawing fiomént 


incremérital RCS jet amplification factor -— 
foriial force 
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qa | NOMENCLATURE (Concluded) 
| Plot 
Symbo1 SyitiboT Definition 
ANy ON (SF) incremental RCS jet dha factor = 
side force 
AN 4 DN (AF) incremental RCS jet amplification factor b . 2 
; axial force 
5 oné standard deviation from thé mean - 
a computed mean 
Spe =—i(‘séi CO LAP Orbiter body flap surfacé deflection iti 


positive deflection trailing edgé dowti, dégrees 


Se ELEVON —-«Or'bite elevon surface deflection angle, 
positive deflection trailing edge ‘down, dégrees 


NO. JET number of RCS jéts firing 


a. Seem 





TEMP wing température, degrees Fahrenheit 
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ww 
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REMARKS 


After being subjected to Mach 10 airflow at 4 dynaniic pressure of 
1506 psf for a period of time, wind tunel models tend to héat up to 
tetiperatures as high ag $00°F. Therefore, in an effort to determine 





whether or fiot ttodel heating could affect jet interaction measurements , 

the modél was inserted into thé tunnel and data was taken a$ thé mode) 
heated up. At éach data point the temperature of the thodel wing was re- 
cordéd by hard. These temperatures can be found in Table VII. Both RCS 
jets-on and RCS ‘jetseotf data were takén as a function of wing temperature. 
Little effect was 6bserved. — 
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CONFIGURATIONS INVESTIGATED 


Three kinds of model changes were required for this test: 1) body 
flap, 2) elevons, ard 3) hon=metric RCS nozzle blocks. Twenty two 


fozzle Blocks were used in this test. Nozzles N43, Nad, N47, N48, NAS, 


N50, NST, N52, and N61 were used in tests OA85 ard OA105. Nozzles N31, 
N32, N33, N34, N36, and N37 wére used dn test LA25. Nozzles N78, N79,_ 
N81, N82, N83, N84, and N85 were used in test OABE. Nozzle configurations 
are ‘Summar zed in Table IV. 7 

Two body flap siattinea ttn, in. addition to the zéro déegreé setting, 
were tested. The body flap deflections tested were 13.75° and -14.25°. 
Similarly, élavor deflections tested were 10° and -30°. 
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INSTRUMENTATION 


The LaRC 0.75-inth six-cofthonént 2019A internal balance was used for 
this test program. 

No mode base Gr balance chatibér pressures were measured during the 
test. The RCS supply pressure was set arid monitored at the plenum chamber 
betwéen thé left hatid and right hand RCS nozzle blocks. 
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TEST FACILITY DESCRIPTION 


the Math 10 nozzle of the Langley Continuous Flow Hypersonic Tune) 
{s designed to operate at Stagnation pressures of 15 to 150 atmospheres 
at temperaturés up to 1960 R. Air is preheated electrically by passing 
through @ hull tt -tube heater. the nozzle has a 31-inch square test section 
which incorporates a moveable second minimum. Continuous operation is 
achieved by passing the alr through a sériés of compressors. Additional 
inforniat fon ori this facility is given in NASA TM X- 1130 entitled, "Char- 
acteristics of Major Active Wind Tunnels at the Langley Research Center, 
by William T. Schaerer, Jr. | 
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DATA REDUCTION 


Aerodynamic forces and momerits were reduted to coefficient form usina 
the following referefice dimensidrs: 
Reférente Aréa: 


S = 0.269 #4 (38.736 in’), model scalé 
= 2690.0 ft@, full scale 


Referencé Leriaths: 


c = 4,748 in, model Scale 
= 474.8 in. full scalé 
b = 367 in.model séale 


936.7 in. ful? scale 


Thé moments were reduced about a moment reférénce center located at: 


Orbiter station 10.767 at Yo = 0.00 and Zo = 3.75 thodel scale 
Ke = 1076.7, Y, * 0.0, atta Z, = 375.0 full scale 


Staridard LRC data reductior tethfiiques were amployad for réducing the 
data to coefficient form. 

Reduced cotfficient data were used to determifie RCS jet interaction 
atiplication factors. Incremental coefficient data (aC, , a0, 4 aCy, aly 


arid ACA) were computed to provide effects of RCS jets. Amp 14 fi cation fae- 


tors weré computed for each plate of action: 


AC AC 
‘nm. rel = gsc 
Ch TR ) ot mek “on 
qs¢ 








OOP et QSb 
2 TT ET Pictk, 
“3b 
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DATA REDUCTION (Continued) 


Ny 


Nn . 


NA 


Qin 
hg 
Ley 


Ks 





aty ity «8b 
Cn . Tip * Ped dky Aly, 
( ash os 

ACh ACy AS | 
Lo Ne ty 

CN; ip) Perky 

ACy _ aby ‘qs. 

ty. - ( ) - Peak; ty 
j 7 

ACA, dCp,, q$ 

ya 7 


RCS pitch jet moment arm — 
4.523 in niodel scalé 


RCS roll jet moment ar‘ 
1.110 in model scale 


RCS yaw jet moment arti 
4.588 in model scale 


sun of ky'S for all nozzles firing in the 
game thrust plane, ky given in Table VI 


§,%,b = as given above 


The resulting factors (N'S) represerit afiplification of Orbiter aéro- 


dynamic forces caused by RCS jét interaction with the Orbiter flow field. 


they are normalized by RCS jet thrusts to allow easy use in control analy- 


sis. 


the ificrenmérital RCS jet afiplification facturs due to a control sur- 


face deflection of amount “a” were computed as follows: 
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DATA REDUCTION (Concluded) 


Nn = Smgca > Nitgeg 
AN, Ne wea - fe 
AN, = = Nngea : Nrigeg 
ANy . Nias 7 NN eng 
ANy NY gag . NY cag 
ANA = Nase. > NAgeg 


NN 


These factors (AN'S) represent the increttental effect of control 
surface deflections on RCS jet interaction. 

The incremental coefficient data do rot include thrust forces since 
the midel nozzles were non-metric. Increments and anplification factors 


il a sl < 


were colputed for eath forte and moment plane using data from each nézzle 
that was tested. This provides both direct (é.g. AC, due to pitch jet) 
and cross-coupling (é@.g. AC, due to yaw jet) effects. Resulting data are 
préesénted in the data figures. 
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ITEST 2 MAgD DATE 3 vuly. 1975 | 
, TEST CONDITIONS 
| | Scvinickcead. Gglikienaauenenedosaiad 
| REYNOLDSNUMSER | «DYNAMIC PRESSURE STAGNATION TEMPERATURT! 


| MACH NUMBER (Ser whit ength) (pounds/sq.ft.) | (doptees rahrenneity | 


. ENT NTN TST PTT UIT STN a eee , 
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CAPACITY: ACCURACY: Ce 
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s§ 25 Ibs 0.126 Ibs | : 
ae LS OO RL 1 
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TABLE If1. « MODEL DIMENSIONAL DATA 


MODEL COMPONENT :.__ BODY ~ Bio. 
GENERAL DESCRIPTION : 
Linds VL70-0001395 


+? 












NOTE: Identical to B; wy exe eft forebody, ae = : 


MODEL SCALE: 0,010 





DRAWING NUMBER: —yigosoKge 





DIMENSIONS : FULL SCALE MODEL SCALE 
Length , In. we 90.3 68903 
Max Width; In. hk A -Y\- 
Mex Depth , in. 2h 5 2.445 
Firteness Ratio eee 82475 A BRE 
Aree Pt, pedninae 
Max. Cross= Sectional we 38667, 0.0387 
Plonform ee ee 
Wetted a ee eS ae 
Base pe er -_ a 


oxal 
i 
gir 





TABLE IIL (CONT*D) 


MODEL COMPONENT : Roby Flap «Pz, 


om inna Noval , : 


Qa te 


MOUTT 
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DRAWING NUMBER: ~VL70-000139 


DIMENSIONS : 


Length, -In. 

Max Width, In. 

Max Depth 

Fineness Ratis 

Area - Ft? 
Max. Cross= Sectional 
Plariforn 


Wetted 


Buse 


FULL SCALE 


FELL TT 


MODE! SCALE 


TTT 





9.0038 
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ae 
. feared tpanenctteennecempaemenntien 2 ~ as ts ~, pecan inset Es 
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TABLE IT (GONT!D) 


MODEL COMPONENT ! CANOPY = O, 
GENERAL DESCRIPTION : — Gonfigurntion 3 par Rockwell Lifes VL70-000) 39 ; 











‘No. 


DRAWING NUMBER: wvizo-ooul4g 





DIMENSIONS « FULL SCALE MODEL SCALE 


Length (X,*433 to X =578), In. 145.0_ 1.450 ; 
Mox Width Soe ee 

‘Max Depth 
Fineness Ratio 
Atéa 


Mdx. Cross Seetional 


Planform 


Wettéd 


TEETH 


TT 


Base 
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TABLY, TIT (CONT ID) 


MODEL COMPONENT ; ELEVONL. = Egg oof 


GENERAL DESCRIPTION: _ conriguration 
VE alOLIOR, of (2) addaa, 


* 3 (eure? A 





ings Drawing 


Satn flop 





, ; — : 
; f. 





ORAWING KUMRER; = VL70-n001 39h 





DIMENSIONS ¢ FULL+SCALE MODEL SCALE 
Area = FL? 305.52 0.080% | 
Span (équivalent) , In. 534, 35533 , | 
Inb'd @quivalent chord, th. 114.78 1.148 | 
Outb'd equivalent chord, Ih. 55.00" 0.580 a, 


Ratio movable surface chord/ | 
total surface chord ; | 


At Inb'd @quiv. chord 0.208 0,208 : . 
At Outb'd equiv. chord cae ian 
Sweep Back ‘Anglés, degrees ) 
Leading Edge 6.06  ## 9.0 : 
Tailing Edge ~ 10.2% “10;2h _ F 
Hingeline 0.60 0.00 , 
Aréd aig er 4 Hag — 1548.07 9.00156 — 
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TABLE IIT (CONTED) 


MODEL COMPONENT: MPS NOZZLES - N 4, . 
ORIARAL DESCRIPTION: _ Confipuration 3A MPS nouzlos, | 


ad ase eee 





oben gers SOREN DY: Genin ey eterna cuenta 





a 


MOBEL SCALE: 0,010. 





DRMAING NUMBER: 


DIMENSIONS: FULL SGeLE MODEL SCALE 
MaCH NO. 


Length - In. 
Gimbal Péint to Exit Plane 


Thi'dut Lo Exit Plane re ee ee es 
Diameter - In. | 
Exit $7, 000 6,940 . 
Throat a 
Inlet | 
irea - #t® 
Bait 48.1939 0.00482 
Throat Seraaes 
Gimbal Poirit (station) - In. 
Uppér Nozzle 
K 
Y No? USED Sane 
Z eo es 
Lower Nozzles 
i 1468.2 
t + __53.0 + .0.530_ _ 
é 7 Sees Ps ee 
Nutt Position - Dey. 
Upper Nozzle 
Piteh a 
Yaw NOf USED ae 
Lower Nowzle 
Pitch 
Yaw ee ee, aie ee eed 


ORIGINAL PAGE 
OF POOR QUALITY: 





oy 
‘a 
Y 


TABLE YIf. (CONT'D) 


MODEL COMPONENT: NOZZLE + N31 | 
GENERAL DESCRIPTION: RCS nozzle providing left-hand sitch=down ¢ontrol. 


MODEL SCALE:  .010 
DRAWING NO.: 
DIMENSIONS: 





MODEL SCALE 
Flight dynamic pressure simulation - PSF 
Cant angle - deg. 


Aft 12 
Outboard | 20 
Diameter - In. 
Exit 0990 
Throat 0921 
Area - In.4 
Exit .007698 
Throat 006662 | 
Area ratio 1.15 , 
No. of nozz1é6s 2 
| 
pS 
$2 
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TABLE III. (CONT'D) 


MODEL COMPONENT: NOZZLE - N32 | — 
GENERAL DESCRIPTION: RCS nozzle providing right-hand pitch-up control. 





MODEL SCALE: .010 
DRAWING NO.: 





DIMENSIONS: ! 
MODEL SCALE _  F 
Flight dynamic pressure simulation - PSF | 
Cant angle - deg. 
Aft 0 | 
Outboard 0 = 
Diameter - In. | | 
Exit .0990 : 
Throat 6921 | 
Area - In. | 
Exit .007698 | 
Throat .006662 
Area rati6 1.15 
No. of nozzles 2 


2 scaling i ee BL 


§3 





TABLE IYI. (CONT'D) | A: ad 


MODEL COMPONENT: NOZZLE - N33 | 
GENERAL DESCRIPTION: RCS nozzle to provide left-hand yaw contro}. 


MODEL SCALE: .010 
DRAWING NOQ.: 
DIMENSIONS: 
MODEL SCALE 
Flight dynamic pressure simulation - PSF 
Cant angle - dég. 





Aft 0 

Outboard | 0 
Diameter - In. 

Exit .0990 

Throat .0921 
Area - In.? 

Exit .007698 | 

Throat 006662 a 
Area ratio 1.15 
No. of ndzzles 2 





oon 


TABLE III. (CONT'D) 


MODEL COMPONENT: NOZZLE - N34 


GENERAL DESCRIPTION: RCS nozzle to provide left-hand pitch-dowri control. 


MODEL SCALE: .010 
DRAWING NO.: 


DIMENSIONS: 
MODEt. SCALE 

Flight dynamic pressure simulation - PSF 
Cant angle - deg. 

Aft 12 

Outboard — ar 20 
Diameter - In. 

Exit 0878 

Throat .0520 
Aréa - In.2 

Exit 006058 

Throat .002124 
Area ratio 2.85 
No. of nozzles 2 


” 
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ll 








TABLE 11. (CONT'D) ) 1, 


MODEL COMPONENT: NOZZLE - N36 
GENERAL DESCRIPTION: &CS fiozzle to provide left-hand pitch-up coritrol 





MODEL SCALE: .010 
DRAWING NO.: 





DIMENSION: 
MODEL SCALE 
Flight dynamic préssure simulation - PSF | 
Cant angle - deg. 
Aft 0 
Outboard 0 
Diameter - In. ) 
Exit | “B78 | 
Throat 0520 : 
Area - In. : 
Exit 006055 | 
Throat 002124 , 
Area ratio 2.85 | 
No. of nozzles 2 2 
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TABLE 111. (CONT'D) 


MODEL COMPONENT: NOZZLE - N37 


GENERAL DESCRIPTION: RCS nozzle to provide left-hand yaw control. 


MODEL SCALE: .010 
DRAWING NO.: 
DIMENSIONS : 
MODEL SCALE 
Flight dynami¢ pressure simulation + PSF | 
Cant angle + deg. 
Aft 0 
Outboard 0 
Hiatteter - In. 


Exit — 0878 

Threat 0620 
Avéa + In.? 

Exit 006055 

Threat 002124 
Aréa ratio 2.85 
No. Of nozzles 2 
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TABLE {11. (CONT‘D) 


MODEL COMPONENT: NOZZLE ~ N43 


‘ 
ee 
ay me St steal 


GENERAL DESCRIPTION: RCS nozzle to provide left-hand pitch-down contro! 


~o $imulate entry, 


MODEL SCALE: .010 
DRAWING NO.:. 
DIMENSIONS: 


“Flight dynamic pressure simulation - PSF 
Cant angle - dég. 
Aft 
Outboard 
Diameter « In. 
Exit 
Throat 
Area = In.2 
Exit 
Throat 
Area yatio 


No. of nozzlés 


538 


MODEL SCALE 


5 


12 
20 


129 
0465 


013070 
.001698 
7.70 

2 








TABLE 111. (CONT'D) 


MODEL COMPONENT: NOZZLE - N44 | 
GENERAL DESCRIPTION: RCS nozzle to provide right-hand pitch-up control 


to simulaté entry. 


MODEL SCALE: .010 
DRAWING NO.: 


DIMENSIONS: 
MODEL SCALE 

Flight dynamic pressure simulation - PSF 5 
Cant ariglé - deg. 

Aft 0 

dutboard ve 7 a QO. 
Diameter = In. 

Exit 129 

Throat .0465 
Aréa + In.? 

Exit .013070 

Throat .001698 
bréa ratio 7.7 
No. of nozzlés 2 
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TABLE IYI. (CONT'D) 
MODEL COMPONENT: NOZZLE ~ N47 
GENERAL DESCRIPTION: RCS nozzle to provide left-hand pitch-down control 


to simulate entry. 


MODEL SCALE:  .010 


DRAWING NO.: 
DIMENSIONS: 
MODEL SCALE 
Flight dynamic pressure simulation « PSF 20 
Cant angle - deg. 
Aft 12 
Outboard er. 
Diameter - In. 
Exit £117 
Throat .0465 
Area - In. 
Exit .010751 
Throat 001698 
Area ratio 6.33 
No. of nozzles 2 





Zn. . 


J... 


TABLE III. (CONT'D) 


MODEL COMPONENT: NOZZLE - N48 
GENERAL DESCRIPTION: RCS hozzlé to provide right-hand pitch-up contra) 
to Simulate entry. 2 oo. 


MODEL SCALE: 010 
DRAWING NO.: 
DIMENSIONS: 





MODEL SCALE 
Flight dynami¢ pressure simulation ~ PSF 20 
Cant angle - deg. 


Aft , : 
Outboard Q . 
Diateter = In. | , 
Exit 117 ! 
Throat 0465 
Aréa - In.? : 
Exit .010751 | 
| 
Throat 001698 | 

Area ratio 6.33 
No. of nozzles 9 ; 


6) 





TABLE ITI (QONT'D) 





MODEL COMPONENT: NOZZLE - Nyo — 7 
GENERAL DESCRIPTION: RCS Noz¢déle providing Jeft-hand plitch-down control , 
+6 simulate return to launch site (RTLS) | 
MODEL SCALE: 0.010 } 
DRAWING NO.: SS~A01160-19 
DIMENSIONS: | MODEL SCALE | 
Flight dynamic pressure similation - PSF 20 | : 
Cant Arigle - deg. 
Aft 12 
Out board 20 
Diameter ~ In. 
Exit 0.141 
Throat 0.0670 
Ayes ~ tn.” 
Exit 0.015614 "7a 
Throat 0.003525 
Area Ratio 4.430 
N6. of hozzlés 2 a 
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TABLE 212 (conteD) = Oo “i 

MODEL COMPONENT: NOZZLE = Nro | 
CENERAL DESCRIPFION: RCS nozdle providing righthand piteh<down control = 
to simulate return to launch gite (RTLS). | - 
| 


NOPEL SCALE: 0.010 

DRAWING NO.: 35#A01160«20 

DIMENSIONS: | MODEL SCALE 
Flight dynamié pressure simulation - PSF 20 





Carit anglé - deg, 


Aft 12 Pe 
Outboard 20 ae 
Diameter - In. 0.141 
Exit 0.151 
throat Oo | 0.0670 
Area = In? 
Exit 6.015614 
Thréat 0.003525 
area ratio 4.430 
No. 6f nd221és 2 
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TABLE 121 (Contr) 
MODEL COMPONENT: NOZBLE = N54 | 


CENERA’, DESCRIPPION: AOS riozzie providing leftehand waw conten) 4. 


aimuzate return to laurieh situ (RTLY), 


MONEY, SCALE: 6,010 
DRAWING NO.: S8-A01160012 
DIMEN T rows: 
“aeht dyniniic préssuFe simulation =< BSF 
Cant angle - Deg. 
Aft 
Outboard 
Diamteter ~- In, 
Exit 
Throat 
Atea - in.? 
Exit 
Thréat 
Aréa ratio 


No. of nozzles 
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MODEL SOALE 
7 , 


0.142 
0.0670 


0.015614 
0.0035 25 
4.4.30 
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TABLE T1I (CONT*D) 
MODEL COMPONENT: NOZZLE “= Ne 9 





GENERAL DESCRIPTION: RCS nozzle providing right=hand pitch=up contre] 


to simulate retin to launch site (RTLS). 


MODEL SCALE: 0.010 
DRAWING NO.: 35-A01160-12 
DIMENSIONS: 
Flight dynamic pressuré Simulation -— PSF 
Cant angle - dég. 
Aft 
Outboard 
Dianeter « In. 
Exit 
Throat 
Area - in.? 
Exit 
Throat 
Aréa ratio 


No. of nozzles 
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MODEL SCALE 
20 


0.141 
0.0670 | 


0.015614 
0.003525 
4.430 

2 








ste te 





TABLE [11. (CONT'D) = | 77 ae 


MODEL COMPONENT: NOZZLE - NGI | | 
GENERAL DESCRIPTION: RCS nozzle to provide left-hand yaw contra? to 


Sittulate entry. 


MODEL SCALE: .010 
DRAWING NO.: 





DIMENSIONS: 
MODEL SCALE 

Flight dynamic pressure simulation - PSF 5 

Cant angle - dég. : 
Aft 0 3 
Outboard 9 : 

Diameter - In. | 
Exit .129 : 
Throat 0465 , 

Aréa - In.? | 
Exit .013070 
Throat 001698 | 

Area ratio 7.70 

No. of fiozzles 2 
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| TABLE IYI (CONT'D) 
MODEL COMPONENT: NOZZLE ~ Nog 


GENEHAL DESCRIPTION: RCS nozzle providing right-hand up-firing | 


control to simulate return to launch site (RTLS). 


MODEL SCALE: 6.010 
DRAWING NO.: SS=A01160 
DIMENSIONS: MODEL SCALE: 
Flight dynamic pressure simulation - PSF 20 
Cant arigle - deg. 
Aft 0 
Outboard 0 


Diaméter = In, 


Bit 6.141 

Throat 0.0670 
Area - In,” 

Exit 6.015614 

Throat 0.003525 
Area ratio 4.430 
NO. of ndzéles 1 
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| TABLE IIY (CONT'D) _ 
MODEL COMPONENT: NOZZLE = Noy 


GENERAL DESCRIPYION: RCS nozzle providing left-han! niteh-down suntrol 
to simulate return to launch site (RIL). 


“MODEL SCALE: 6.6010. 


DRAWING NO.: 
DIMENSIONS: MODEL SCALE 
Flight dynamic pressure situlation - PSF 20 


Cant angle - deg. 
Aft 12 
Outboard 20 
Diameter - In. 


Exit 0.141 

Throat 0.0670 
Arwa - tn.? 

Exit 0.015615 

Throat 0.003525 
Area ratio 4.430 
No. of nozzles 1 
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TABLE III (CoNT+D) 
MODEL COMPONENT: NOZZLE - Nay | 


GENERAL DESCRIPTION: RCS noazle providing left-hand pitch-up control 
to simulate return to launch site (RTLS). 


MODEL ‘SCALE: 0.010 


DRAWING NO.: 
DIMENSIONS: MODEL SCALE 4 
Flight dynamic pressure simulation - PSF 20 


Cant angle — Deg. 


Aft : 
Gutboard 0 ; 
Diameter + In. | 
Exit | 6.142 ) 
Throat 0.0670 
Area - In.” 
Exit 6.015614 ; 
Thrdat 0.003525 | 
Aréa Patio 4.430 : 
No. of nogzles 2 
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TABLE III (CONT'D) 
MODEL COMPONENT: NOZZLE ~ Np» 
MODEL DESCRIPTION: KC3 hogzle providing right~hand pith=up contro! 


to simtilate réturn to launch site (RLS). 


MODEL SCAL#: 0.610 
DIMENSIONS: MODEL SCALE 
Flight dynainic pressure simtilation + PSF 20 
Cant angle - dég. 
Aft 0 
Outboard 0 
Diameter — In. 


Exit, a 0.142 

Throat 0.0676 
Area - In.2 

Exit 0.015614 

Throat 0.003525 
Area ratio 4.4.30 
No. of nozzles 3 
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TABLE III (CON’'D) 
MODEL COMPONENT: NOZZLE - Ng4 


CENERAL DESCRIPTION: RCS nogele providing left-hatid pitch-down control 
to simulate retum to launch site (RTLS). 


MUDEL SCALE: 0.010 
DRAWING NO.: 


DIMENSIONS: MODEL SCALE 
Flight dytiamic pressure simulation - psy 20 
Cant arigle - deg, | 
Aft, 12 
Outboard 20 


Exit 0,141 

Throat. 0.0470 
Aten = In? 

Exit 6.015414, 

Throat 0.003525 
Area Fatio 4.430 
No. Of notzles 3 
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TABLE YT (conr¢D) 
MODEL COMPONENT: NOZZLE ~ Nay, 
GENERAL DESCRIPTION: 8COS nozzle providing ripht—haind pitah-up contra! 
to simulate retiem to Jnuneh ite (RPL), 
MODEL SCALE: 6.010 
DRAWING NO.: 


DIMENSIONS: MODEL SCA] &. 
Flight dynamic présstire simulation = PSF 2) 


Cant angle ~ deg, 
Aft 8) 
Outbdard 9) 


Exit O14 

Throat 0.0670 
Arex ~ In.@ 

Exit 0.015414 

Throat 0,685 25 
Area ratio 4.430 
No. 6f nozzles 2 


; DATEES 1 
RIGINAL PASE 
or BoOR QUALITY 72 


—-_——._ - oe 


“in 





7 








A 2 i dew 
’ 


MODEL COMPONENT: NOZZLES = Nag 


GENERAL DESCRIPTION: RCS nozzle providing left-hand side-fi ring 


TH a 


| | | : 
| ) ; 
} sole 
Naa _— ‘ | i ; . 
4 
7 | 
iy . TABLE III (CONT) ee | 
to simulate raturn to laurich sité (RTLS). 
MODEL SCALE: 0.010 


DIMENSIONS: MODEL SCALE 
Flight dynainic pressuré simulation - [3F 20 





Cant angle — deég. | 


Aft @) 
Out béa re 0 
. Diameter - In. wee 
: a Exit 0.142 
throat 6.0670 © Cats ae 
Area - tn.? 
Exit 0.015614 4 
Throat 0.003525 
Area ratios ia 
No. of nozzles 2 
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MLE IIT (CONT?D) 


MODEL COMPONENT :___ov3 POD = Mg 
GENERAL DESCRIPTION : Basic configuration 3A OM5 pede with ene 


1a} ‘ pcs 4 g nE housing 41/1 Howe! os. shomea godmabLry os Mi. 





DRAWING NUMBER: _V170-000149B_ 


Re et a a re ae 


DIMENSIONS : FULL SCALE § MODEL SCALE 
Length 36.0 BO 
Max Width 108.0 = ___ 4.0860 
Max Depth 113.6 - 1.130 | 


Fineness Ratio 
Aréo 


Max. Cross—Sectibnal 


Plantorm 


Wetted 


LTT 


| TT 


Base 


Station of aft erd of ROS nhosale 
bléck 1560 15.60 
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TABLE III (cont'd) 
MODEL COMPONENT: EUDDER = By ae ee ee 


GENERAL DESCRIPTION: Configuration 1400 orbiter rudder (identical to _ 


contemibation 1,0A/B rudder) 


eee 
MODEL SCAL!: 0,010 os 
eee eeneecupseecneteee sees. 
DRAWING NUMBER:  VL70-000146B, ~006095 

















acta STi Aa 
DIMENSIONS: FULL-SCALE MODEL SCALE 

Area - Pt? 160,15 0.0100 

Span (aguivalent) , In. 261.00 2,010 

Inb‘d equivalent chord , In. 91.585 0.916 

Outb'd equivalent chord, In. 50.833 0.508 : 

Ratio thovdble surface chord/ | 

total surface chord | | 

At Inb'd equiv. chord 0.4060 0.400 
At Outb'd equiy. chord 6206 6.200 

Sweep Back ‘Angles, degreés | 
Leading Edge 7 a 
tailing Edge 2.2 26.25 ; 
she) of Area & c) — dee | 

Area Moment (Nermad~to-h4nge-24ne)Ft3 610,92 9.000610 

Mean Aerodynamin Chord, In, 73.2 6.932 
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TABLE ITI (CONT'D) 


MODEL COMPONENT: VERTICAL + Vp 
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CENERAL DASCRIPTION: __Genterling vertical tadl, dovblewadge sirfiot] 
with routided leading edge, | ee 
SOME. dame 34 Vey kt with manipulator housing rimoved, 


MO0:0 SCALES 6,010 


DRAWING NUMBUR: ViL70-900139_ 


DIMENSIONS: 
TOTAL DATs 


yea (Thea) - Ft" 
Planford — 
Span (Théo) - In. 
Aspect Ratio 
Rate of Taper 
Taper Ratio 
Sweep-Back Angles, Degrees. 
Leading Eagé 
Trailing Edge 
Q.25 Blement Line 


Chords: 
Root (thes) ‘NP 
Tip (Theo) wP 
Mi.0 
Fus. Ste. of 025 M&C 
W.P. of .25 MAC 
B.L. of 25 MAC 


Airfoil 3ectlor 
Leading Wedye sigle - Deg. 
Trailing Wedge Angle ~- Deg. 
Léadiny Bdgé Radius 

Vold Aréa 


Blahketed éAréa 


VEIGINAL PAGE 
OF BOOR QUALITY 
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FULL SCALE 


_10,.00 
14.920 


2.0 
13.47 
0,00 








MODEL 3ceLE 


evpemmied 





—O.0h26 
1.157 


= +a 


0.408 _.. 
45.000 
1130 


1,085 
co 998 


0,00 


10.00 
24.920. 
—9,020 
90013 

6.00 
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. | , oe REV, 11/9/45 
TABLE L11, « MODEL DIMENSTONAL Data « Concluded, 


MODEL SOMPONENT: — WING-W 












it OWG. NO.__VL70~0001.398 


OtMENS ONS: | FULLWSCALE 60s MODEL. SCALE 
ALIA tain 
ay ted.) FES WNL PAGE By 


_- 2Yahform OF , | 36 900 
Shan (Thed In. POOR QUALITY ae OIL 
Asvec® Ratio 7 
Rate of Taper ; : 
Tater Xatid 
Oihedral Angie, degrees 
incidence Angié, degrees 
Aerodynamic Twist, degrees | 
Sweep Sack Angles, degrees 

téading Edge 

T¥aliing Edge 

0,25 Element Line 


ends! | 
Root tee 6.P.0.0. 
Tib, The6) 6.5, 


MAC 
Fug. Sta. of .25 MAC 
(2,)* We? of 025 MAG 

(Y )# Bek of 025 MAC ‘ 


EXPOSED DATA _g 
mw Are = Theo) Fe 
Span, Thee) Ih. BP 108 


Aspect Ratio 
Taper Ratio 


Chords 
Root BP108 
Tip 1,00 


Root b « 
Tit b& 
2 


Sata for (1) of (2) Sides 
tead‘ng tdgé Cuf¥ » 
Planter Area | StS | 
Leading Edde intérsests fus M, L. @ Ste 
Leddi fd Edge fatersects Wing @ Ste 
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TABLE V. - SIMULATION PARAMETERS 
qa = 20 PSF RTLS abort separation simulation 


A. Frée Stream Cofiditions 


Dyndinic Pressure q 


Mach numbér M 
*Réytiolds No. RN/L 
Altitude h 


B. RCS Jet Charactéristics 


Chamber Pressure P 
Chamber Temp. le 
Specific Heat Ratio y 
Expansion Ratio ) 


Nozzle Angle O 
Exit Aréa - &s 
Exit Mach No. M; 
Exit Pressure Py 
Mass Flow Rate ms 

T 


Thrust 


C. det to free stream 
Parameters (Sref = 1 ft°) 


Thrust T 
Ratio q Sref 
Mass Fl ow ms 
Ratio > U Sref 
Momentum My U 
Ratio q Sref 

| p 
Pressuré J ; 
Ratio - 

Pluie Shape 


# Reyriolds Number based of Orbiter length 2 


Free Fijght 
20 psf 
Yas hee 
—1.23x10 

200 ,000ft 
Prototype 
150 psia 
5450 °R 
1.232 

20 
go 9 
72.382 in 
3.93 | 
0.643 psi 
3.287 lbm/sec 


903.46 Ibe 
950 IbF 


Full Scale 
Free Flight 


47.5 


26.4 
45.17 
224 


Boundary up to 
Impact station 


orb 


80 


é 107.5 ft. 


Wind Tunnel 
150 psf 
10.3, 

1x10 


Mode) 
140 psi 


530 OR 


1.4 

4.792 

eats. d 

0.01567. in 

3.13. 

3.136 psi 

0.01067 lbit/sec 

0.675 Ibs. | 
.712 Ibs. 


Simulation 
47.5 (Matthed) 


50.6 
45 (Matched) 
224 (Matched) 


(Roughly 
Matched) 
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TABLE VI. - THRUST COEFFICIENT FACTORS 





ky = T/Po 

Jet Gag ibs/psia 

N31 Air 0.0069 

N32 Air 0.00738 

N33 Air ¢.00792 

N34 Air 0.00266 

N36 Air 0.00261 , 
N37 Air 0.00300 ) 
N43 Air 0.00250 | 
N44 Air 6.00245 | 
NA7 Air «i 00237 | | 
Ndg Mir 0.00237 | 
H49 Air 0.00920 | 
N50 Air 6.00824 | 
N51 Air 0.01620 | 
N52 Ait 0.00920 : 
N61 At 0.00221 | 
N72 Air 0.00450 - ! 
N75 Mtr 0.00660 | | 
N81 Air 6.00900 | 7 
N82 Air 0.01356 | 
83 Air 0.01356 | 
Ned Ar 0.00886 | 


N85 Air 0.00904 
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d. Model Nezzle Block Confiqurations 


Figure 2. - Concluded. 
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a. Orbiter Insta] hat 


Figure 3. - fodel photearaphs. 
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Fiaure 3. - Concluded. 
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b. Side View Of Nozzle Assembly Instatled In Tennet 
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FIGURE 42. EFFECT OF BODY FLAP ON AMPLIFEREATION FACTOR. JETS. N7S. N49. N83 
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FIGURE 42. EFFECT OF BODY FLAP ON AMPLIFICATICN FACTOR, JETS N79.N39% N83 
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